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CLAIMS 



[Claim(s)] 

[Claim 1] At mass%, it is C. : 0.05 - 0.25%, less than [ Si:2.0% ], Mn: 1.0-4.0%, P : 0.100% or less, S : 0.030% or less, 
aluminum:0.0 10-0. 150% and Fe are made into a principal component, and a steel organization consists of a three phase 
circuit of the retained austenite of +1 - 5% of ferrite + martensite. a yield ratio or less by 0.50 And the amount of 
printing hardening is 2 50Ns/mm. High intensity steel plate which is excellent in the configuration freeze nature which 
it is above, and a shock-resistant property. 

[Claim 2] They are less than [ Cr:2.0% ] and B further besides a component according to claim 1. : High intensity steel 
plate which is excellent in the configuration freeze nature indicated to the claim 1 containing one or more sorts in 
0.0030% or less of element, and a shock-resistant property. 

[Claim 3] The high intensity steel plate which is excellent in the configuration freeze nature indicated to the claim 1 
which contains less than [ Mo: 1.0% ] further besides a component according to claim 1 or 2, or 2, and a shock-resistant 
property. 

[Claiin 4] They are lOsec(s) in a 100-200 degrees C [ after carrying out the martensitic transformation of most 
austenites so that the steel plate which has the component of a publication in any 1 term of claims 1-3 may be cooled 
from 2 **** of a ferrite + austenite to the temperature below an Ms point and an austenite may remain 1 to 5% ] 
;emperature region. It is lOmin above. The manufacture method of a high intensity steel plate of excelling in the 
configuration freeze nature to cool and a shock-resistant property after holding below. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] For this invention, tensile strength is 2 440-980Ns/mm. The high 
intensity steel plate of a class is started, especially a yield ratio is low, and has printing hardenability (BH nature), and 
is related with the high intensity steel plate which is excellent in configuration freeze nature and a shock-resistant 
property. 
[0002] 

[Description of the Prior Art] Although an automobile came to be equipped with safety devices, such as an air bag, 
from a viewpoint of the crew protection at the time of a collision in recent years, the structure which can absorb the 
energy of a collision also in body structure is being adopted. About the striking -energy absorption property, research 
and development are done briskly also from the field of a material, and the approach from an organization side is 
mainly tried with the steel plate for automobiles. 

[0003] On the other hand, from a viewpoint of the earth environment protection by eccrisis suppression of a carbon 
dioxide, the demand of lightweight-izing of the automobile body is deep-rooted, and it also points to the thinning by 
high-intensity-izing of a steel plate material now. 

[0004] Tensile strength 440-980N/mm2 which were excellent in the energy-absorption property at the time of a 
collision focusing on the structural member and reinforcement member of an automobile from such a situation as 
indicated by JP,8- 176723, A, for example The high intensity steel plate of a class is developed. 
[0005] 

[Problem(s) to be Solved by the Invention] The technology of an indication in the aforementioned official report 
specifies the component of a steel plate, and an organization, is considering as the dual-phase-steel board which 
consists of martensitic structure of a constant rate, and a ferrite which suppressed Dissolution C below to the constant 
•ate, and improves a shock-resistant property. 

0006] However, to the problem of the configuration freeze nature which poses a problem, i.e., the problem from which 
I forming configuration changes with springbacks after press forming, although this invention is excellent in the shock- 
•esistant property and press-forming nature under a high sU-ain rate like a collision, in case the steel plate for press 
brming is high-intensity-ized, sufficient consideration is not paid. 
0007] 

Means for Solving the Problem] In order that artificers may clarify the optimal organization of the high intensity steel 
)late as a steel plate material for structural members of an automobile. The result which examined the ductility as 
)ress-working-of-sheet-metal nature, and the striking-energy absorption property in a high rate of strain field about the 
heet steel which has various organizations, The knowledge of the ability to apply [ the steel organization which 
consists of a three phase circuit of the retained austenite of a ferrite + martensite + minute amount as a steel 
organization being extended, and excelling in the property and the striking-energy absorption property, and ] on latus 
>n-the-strength level in addition was carried out. 

0008] Furthermore, considering the configuration freeze nature after press working of sheet metal used as the cause 
vhich checks high intensity-ization of a steel plate material In 2 phase steel plate of the ferrite + bainite containing 
omparatively a lot of retained austenites, a yield ratio becomes high. Moreover, it is adjusting the degree of hardness 
»f martensite, though considered as this 2 phase complex tissue in this invention, although there is no change in the 
;rade of configuration freeze nature as fundamentally as the steel plate which has the organization of others [ board / 
lual-phase-steel / of a certain ferrite + martensite ] from the former. The yield ratio still lower than before was attained, 
nd it succeeded in raising configuration freeze nature by advancing plastic deformation with low stress. 
0009] But since yield stress becomes low when the yield ratio of a steel plate is set up low, sufficient work hardening 
loes not arise in the problem which yield stress influences, especially the problem of rigid reservation of a member, 
e., the low portion of workability, but there is a problem that the rigidity of the portion falls. Artificers found out that 



the on-the-strength elevation of printing hardening by heat treatment at the time of the baking Finish after processing, 
i.e., the amount, was suppHable with Umiting to the level more than fixed enough to this problem. 
[00 10 J this invention completes the high intensity steel plate which is satisfied [ with the basis of the above-mentioned 
examination and knowledge ] of press-working-of-sheet-metal nature, a striking-energy absorption property, and many 
properties that a structural member called configuration freeze nature is required, and its manufacture method. The high 
intensity steel plate of this invention is mass%. Namely, C:0.05 - 0.25%, Si: Less than [ 2.0% ], Mn: 1.0-4,0%, P : 
0,100% or less, S : 0.030% or less, aluminumiO.0 10-0. 150%), and Fe are made into a principal component, a steel 
organization consists of a three phase circuit of the retained austenite of +1 - 5% of ferrite + martensite, and a yield 
ratio is 0.50 or less, and the amount of printing hardening is 2 50Ns/mm. It considers as the above. 
[001 1] Hereafter, this invention is explained in detail. First, the steel plate organization of this invention is explained. 
Let the organization of a steel plate be the complex tissue which consists of a three phase circuit of the retained 
austenite of a ferrite + martensite + minute amount in this invention. The ferrite is required in order to raise ductility 
and to acquire processability, and on the other hand, movement of transition by high rate of strain is considered to be 
barred by the hard martensitic phase, and is excellent in an energy-absorption property compared with the organization 
strengthening steel of an elasticity bainite transformation phase. Moreover, martensite is adjusting the degree of 
hardness, and is an organization very advantageous to the low yield-ratio-ized achievement which this invention aims 
at. On the other hand, the retained austenite of a minute amount not only hardly affects low yield-ratio-ization, but 
contributes to improvement ductile by the TRIP (deformation induction plasticity) effect at the time of receiving 
deformation. 1 - 5% of the amount of a retained austenite is desirable. At less than 1%, if and it exceeds 5% on the 
other hand, increase of the cost by abundant addition of a component element will be caused, and it will come to cause 
degradation of the absorption property of striking energy, and a strong fall by reduction of the amount of martensite. 
[ the improvement operation in ductility ] in addition — that the processability represented with the steel plate which 
used other strengthening machine slots other than organization strengthening (for example, precipitation strengthening, 
solid solution strengthening) as a main strengthening mechanism by ductility is inferior ****-- at most — 490N/mm2 
application is difficult only to the on-the-strength level of a grade - etc. - as a steel plate organization of this 
invention, it is unsuitable at a reason 

[0012] The yield ratio of this invention steel plate takes desirably or less for 0,45 0,50 or less. When a yield ratio 
exceeds 0.50, it is 2 440-980Ns/mm. It is because the forming configuration after press working of sheet metal changes 
and it comes to be inferior to configuration freeze nature in the steel plate of the on-the-strength level of a class with a 
springback. 

[0013] The amount of printing hardening of this invention steel plate (the amount of BHs) is 2 50Ns/mm. It is 2 
80Ns/mm desirably above. It considers as the above. 50N/mm2 In the following, when a yield ratio is made or less into 
D.50, the rigidity of the part of low workability runs short and it is because rigidity as the whole structural member can 
be secured no longer after all. 

[0014] Next, the reason for limitation of the steel component (unit mass%) of this invention steel plate is explained. 
C:0.05 - 0.25%C is indispensable in order to act on the intensity of steel greatly and to obtain a low-temperature 
xansformation product like martensite. At less than 0.05%, it is 2 440Ns/mm. Since it is difficult to obtain the high 
iitensity more tiian a class, a minimum is made into 0.05%. On the other hand, since the fall of weldability will be 
:aused if it adds exceeding 0.25%>, an upper limit is made into 0,25%. 

0015] Si: Although it has the operation which performs high intensity-ization easily, without Si degrading ductility 
i.0% or less, if added so much exceeding 2.0%, in order to have a bad influence on chemical-conversion nature, stop to 
1.0% or less. 

0016] Mn: It is indispensable to making the retained austenite of a minute amount generate during an organization, 
ind it is the element which stabilizes an austenite and it is [ 1.0 - 4.0%Mn changes the amount of dissolution C in an 
lustenite, has big influence on the property of a low-temperature transformation product like the martensite generated 
)y the cooling process, and ] required also because of generation of martensite. In order to acquire the property as a 
ligh intensity steel plate that processability was very excellent, at least 1.0% needs to be added. However, if it exceeds 
L0%, in order that an ingot may have a bad influence on spot welding nature and it not only becomes difficult, but may 
:ause an on-the-strength fall, let 4.0%o be an upper limit. 

0017] P Although :0.100%or less P is effective in a corrosion resistance improvement, in **, processability comes to 
leteriorate P:0.100%. For this reason, it stops to 0.100% or less. 

0018] S :0.030%or less S is an impurity element, and since elongation flange nature is degraded, make the upper limit 
nto 0.030%. 

0019] aluminum: Add aluminum 0.010 to 0.150%) for deoxidation. At less than 0,010%, if and it exceeds 0.150% on 
he other hand, processability will come to deteriorate. [ the operation ] For this reason, a minimum is made and an 
ipper limit is made into 0.150% 0.010%. 



[0020] The steel plate of this invention makes the above fundamental component and Fe a principal component. A 
principal component raises these operations rather, or are mechanical and the meaning which does not bar the content 
of an element which can improve chemical property, without spoiling content of an unescapable impurity, and an 
operation of the above-mentioned fundamental component, for example, one or more sorts of elements can be 
contained from from among following Cr, B, Mo, Ti, Nb(s), and Cu(s). Namely, following (1) - (4) It can consider as a 
component. 

(1) a fundamental component — further — the following — thing (2) containing one or more sorts of Cr and B A 
fundamental component or the above (1) What [ contains Following Mo further for a component ] a fundamental 
component — (3) the above (1) A component or the above (2) a component — further — the following — thing (4) 
containing one or more sorts of Ti and Nb A fundamental component and the above (1) A component and the above (2) 
A component or the above (3) a component — further — the following — thing [0021] containing Cu Cr: — Cr and B 
have the operation which promotes generation of martensite B:0.0030% 2.0% or less However, by ** and B:0.0030% 
**, a ferrite content becomes [ too little ] Cr:2.0%, and processability comes to deteriorate. 

[0022] Mo: Although Mo is effective in **********_pj.QQf^ if jj exceeds 1.0% 1.0% or less, processability will come to 
deteriorate. 

[0023] Ti, Nb: Respectively, 0.100% or less, if Ti and Nb are effective in precipitation strengthening of steel and it 
exceeds both 0,100%, processability and configuration freeze nature will come to deteriorate. 
[0024] Cu: Although less than [ 1.0% ] Cu is effective in a corrosion resistance improvement, in **, processability 
comes to deteriorate Cu: 1 .0%. in addition, the case where Cu is added ~ a front face - it is desirable to add nickel 
1 .0% or less for an improvement of a character 

[0025] Next, the manufacture method is explained. After this invention steel plate ingots the steel which has the 
aforementioned component composition with a converter or an electric furnace according to a conventional method, it 
can be manufactured with cold rolling to hot rolling or a pan according to the following conditions. 
[0026] They are lOsec(s) in a 100-200 degrees C [ after carrying out the martensitic transformation of most austenites 
so that the steel plate after hot-rolling may be cooled from 2 **** of a ferrite + austenite to the temperature below an 
Ms point and an austenite may remain 1 to 5% in the cooling process to winding after a finish rolling end although slab 
heating temperature, finishing temperature, and winding temperature should just follow a conventional method in the 
case of a hot rolled sheet steel ] temperature region. It is lOmin above. It cools, after holding below. Moreover, in the 
case of a cold rolled sheet steel, after carrying out recrystallization armealing after cold-rolling, in a continuous 
amiealing furnace, you should just perform the above-mentioned temperature maintenance processing to the steel plate 
after annealing. It is simple to adjust a component in order to make a part of austenite remain with martensite. That is, 
the amount of retained austenites comes to increase, so that the content of C, Mn, and B which raise the stability of an 
austenite is raised, and a three-phase-circuit organization expected by adjusting the content of these elements is 
Dbtained. Moreover, also about a cooling rate, an austenite becomes easy to remain, so that it is quick. 
[0027] Although what is necessary is for water quenching just to perform cooling from 2 **** of the aforementioned 
ferrite + austenite to the temperature below an Ms point generally, when it contains many improvement elements in 
lardenability, it is not necessary to necessarily quench by water quenching, and it is 20 degrees C/sec. It is 100 degrees 
3/sec desirably above. What is necessary is just to cool to the temperature below an Ms point with the above cooling 
•ate. But since increase of component cost is not avoided in this case, it is advantageous to consider as a low 
component as much as possible as a steel component, and to perform water quenching in respect of cost, and 
productive efficiency is also good. 

0028] After a martensitic transformation is completed, they are lOsec(s) in a 100-150-degree C temperature region 
preferably 100-200 degrees C. Making an organization into the three phase circuit of the retained austenite of a ferrite + 
nartensite + minute amount by holding above, the amount of dissolution C in steel and a martensite degree of hardness 
ire adjusted, and the processability which was excellent with this is acquired, and a predetermined yield ratio and the 
imount of printing hardening are obtained. That is, the holding time is lOsec(s) even if it holds at maintenance at less 
han 100 degrees C, or 100-200 degrees C when not performing this heat treatment or. In the following, a deposit of 
•arbide hardly takes place but the processability of a steel plate deteriorates remarkably. On the other hand, they are 
Omin(s) also under maintenance at the temperature of 200-degree-C **, or the temperature of 100-200 degrees C, If it 
lolds above, a retained austenite will decompose and processability will deteriorate. Moreover, a deposit of carbide 
irises too much, the dissolution C in steel becomes [ too little ], and reservation of the required amount of printing 
lardening becomes difficult. Moreover, martensite is also softened too much and a yield ratio comes to go up. 
•urthermore, when intensity is high, a bad influence comes to reach also to a delayed fracture-proof property. Although 
naintenance in a 100-200-degree C temperature region is reheated and needs to carry out a temperature up to the 
emperature region concerned when it cools in temperature of less than 100 degrees C and a martensitic transformation 
s made to complete like [ at the time of performing water quenching ], it should just perform the temperature 



mainteirance processing concerned in a subsequent cooling process, without reheating, when a martensitic 
transformation is made to complete at the temperature of 1 00-degree-C **. 

[0029] In addition, although temper rolling etc. may be performed if needed after annealing in the case of a cold rolled 
sheet steel, if too much distortion is added, since the rise of a yield ratio will be invited, it is required to warn against 
exceeding a predetermined yield ratio. 

[0030] The manufacture method of this invention steel plate is applicable not only to manufacture of a hot rolled sheet 
steel and a cold rolled sheet steel but manufacture of a hot-dip zinc-coated carbon steel sheet or an alloying hot-dip 
zinc-coated carbon steel sheet. In the case of an alloying hot-dip zinc-coated carbon steel sheet, you should just perform 
same temperature maintenance processing to the steel plate by which plating processing was carried out by the cooling 
process after alloying processing that the above-mentioned temperature maintenance processing should just be 
performed to the steel plate by which hot dip galvanizing was carried out by the cooling process after being immersed 
[ bath / zinc ] in the case of a hot-dip zinc-coated carbon steel sheet. 
[0031] 

[Example] The steel of a chemical composition shown in Table 1 was ingoted, and it considered as slab. This slab is 
liot-rolled in a conventional method, it cold-rolls further after that, the cold rolled sheet steel of 1.2mm of board 
thickness is obtained, continuous annealing is performed on condition that Table 2 with a continuous-annealing line, 
and various is 2 590Ns/mm. The steel plate of a class was obtained. While carrying out microscope observation of the 
microstructure of the obtained steel plate, the amount of retained austenites was calculated by X-ray measurement. 
Moreover, the test piece was extracted along with the rolling direction, and the tension test investigated the mechanical 

Droperty. These results are collectively shown in Table 2. 
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[0034] Moreover, in order to investigate configuration freeze nature, as a steel strip with a width of face of 40mm was 
extracted to a rolling direction and it was shown in drawing .1 from the obtained steel plate, press forming of the 
drawing bending test member (size unit mm) of a hat form was carried out, and the radius of curvature rho of the 
curvature produced in the wall section was measured after mold release. 

[0035] Moreover, in order to investigate a dynamic energy-absorption property, the shock collapse examination 
member (size unit mm) shown in dravying 2 was manufactured, and the dynamic (shock) absorbed energy was 
measured. The cross section attaches the plate 22 of this quality of the material for the main part 21 of a hat form to 
opening after manufacture by bending, the aforementioned examination member carries out TIG arc welding of the side 
edge while performing spot welding in 50mm pitch in the flange of a main part 21, and it carries out TIG arc welding 
of the end plates 23 and 23 to the ends of shaft orientations further. Using this examination member, 200kg falling 
weight was dropped in the direction of a section axis of member so that the speed at the time of a collision might serve 
as 50 km/hr, and deformation measured the absorbed energy to 150mm as a dynamic absorbed energy. On the other 
hand, in order to investigate a static absorbed energy, it is the aforementioned examination member by the tension 
tester LO mm/sec It compressed at speed and asked for the absorbed energy to 150mm as a static absorbed energy like 
the above-mentioned case. 

[0036] Moreover, after extracting the test piece along with the rolling direction and giving 2% of tensile strain to this 
test piece from a steel plate, baking finish (processing conditions : 170 degree-Cx20min maintenance) was performed, 
and the amount of printing hardening (the amount of BHs) was investigated. Moreover, in order to investigate the 
existence of the problem in the rigid field as the structure at the time of giving **** + *^ 2% of tensile strain was given 
to the aforementioned test piece, the yield stress after baking finish (processing conditions : 170 degree-Cx20min 
maintenance) itself was measured, and this value estimated. These test results are collectively shown in Table 3. 
[0037] 
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*0038] Table 2 and 3 shows having a microstructure, weighted solidity, and the property the example of invention of 
his invention within the limits (sample No.l, 2, 4, 8) excelled [ property ] in the component compared with 30% or 
nore of high example of comparison with which it was extended, the (El) property and less than 0.50 low yield ratio 
YR) are realized, and configuration freeze nature and a striking-energy absorption property are not satisfied of either 
)f this invention conditions. Moreover, it turns out that it is high enough, sufficient yield strength is obtained by the 
)aking finish after and the amount of printing hardening is also satisfactory in any way also in respect of 

igidity as a steel plate for structural members. 
0039] 

Effect of the Invention] while considering as the three-phase-circuit organization of a ferrite and martensite which has 
I predetermined component and the retained austenite of a minute amount according to the high intensity steel plate of 
his invention ~ a yield ratio — 0,50 or less, since it was markedly alike and specified to the low value Tensile strength 
s 2 440-980Ns/mm. Realizing high intensity of a class, it excels in ductility, and press-working-of-sheet-metal nature 
s good, and the outstanding striking-energy absorption property under the high rate of strain at the time of a collision 
ind the outstanding configuration freeze nature at the time of press working of sheet metal can be combined. 
*'urthermore, it is the amount of printing hardening to 50 N/mm2 Since it was specified as the above, the rigidity of a 
)rocessing part is securable also to press working of sheet metal in a low rate of strain region. Moreover, the tensile 
trength which according to the manufacture method of this invention does not ask the kind of steel plate but has 
onfiguration freeze nature, a shock-resistant property, and the rigidity that was further excellent in the ****** part is 2 



.440-980N^/mm. The high intensity steel plate of a class can manufacture easily. 
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